ABSTRACT In a follow-up study of 2715 men who had worked for at least one year at the three chromate-producing factories in Britain between 1948 and 1977 only 298 were lost to follow-up, and the average number of person-years in the study was 16-3. One hundred and sixteen deaths from lung cancer occurred in these men, with only 48-0 expected (O/E = 2-4; p < 0-001). For men employed at the factory, which is still in operation, the relative risk of lung cancer has decreased from over 3-0 before plant modification to about 1 8 in those who have worked only since plant modification. A multivariate analysis was used in an attempt to unravel the overlapping influence of duration of employment, length of follow-up, plant modification, factory, age at entry to work, and estimated degree of chromate exposure. The major independent factor appeared to be duration of employment; in addition the analysis suggested that modifications in the plant and work environment had been associated with an appreciable reduction of the excess risk from lung cancer. 
Cases of lung cancer were reported among workers engaged in manufacturing basic chromates in Germany in the early part of this century. ' Machle and Gregorius2 compared the pattern of mortality among 1445 United States workers in the chromateproducing industry in the 1 940s with that of Metropolitan Life Insurance policy holders. The proportion of deaths from respiratory cancer was appreciably raised in those engaged in the production of dichromates. A review showed 122 case reports of pulmonary carcinoma in chromate workers: one each from England and Switzerland, with the remainder from Germany and the United States.
Other epidemiological studies carried out in the past 30 years in the United States3-6 and Japan7 8 have confirmed an excess risk from lung cancer in the industry, although the estimates of the actual relative risk have varied.
After the findings of Machle and Gregorius,2 an investigation of the possible risk in the industry in Britain was started in the 1940s. Bidstrup9 published the results of a clinical and radiographic investigation of all men employed at that time in the three factories concerned. Altogether 724 workmen were interviewed and radiographed; one man had carcinoma of the lung from which he subsequently died.
The original survey was later extended with follow-up examination of the mortality of the men until 1955. 10 The company notified Bidstrup and Case whenever a man left employment and gave the reason. For those who died the cause of death was established; for those who retired periodic radiography was offered, and contact was maintained in this way. At this stage it was not feasible to follow up those who had left to seek other employment. This second study showed an excess of lung cancer, 12 deaths being found against an expected number of 3-3 (p = 0 005). There was little difference between the observed and expected figures for neoplasms at other sites (observed = 9, expected = 7 9) nor for other causes of death (observed = 38, expected = 36 3). The authors believed that there was no evidence that the increase in lung cancer could be attributed to place of residence, social class, or smoking habits. They also suggested that it would be inappropriate to consider that the excess was due to diagnostic bias, and concluded that carcinoma of the lung was an occupational hazard in the chromate-producing industry in Britain. The relative excess was 3-6; this is very different from the suggested figure from America2 of a 25-fold excess. inappropriate to compare estimates of relative risk from incomplete experience of limited follow-up of different cohorts.
Since 1956, annual radiography (and since 1961 radiography at intervals of eight months) has been offered to all employees in the factories concerned, all men who have retired, and all those leaving the industry after a minimum of five years' continuous service. A supplementary report (RAM Case, unpublished findings) commented on a modest excess of deaths from bronchitis; 18 deaths were observed while 11 4 were expected. It was pointed out that it was difficult to assess the significance of this excess of deaths from bronchitis in relation to the possible aetiology of the deaths from lung cancer. In the same report some data were presented on the smoking habits of employees; only just over 70% of the men completed a questionnaire. The percentage of heavy smokers was lower than that reported for England and Wales," and there was no evidence from the respondents of a major risk for lung cancer due to excess smoking, compared with the population as a whole. This supported the earlier contention that the excess mortality from lung cancer was not due to excessive cigarette smoking.
In addition to carrying out regular radiographic surveys, sputum cytology was introduced between 1958 and 1961, when about 500 sputum specimens were examined from employees absent from work with respiratory complaints. The results of these investigations were all negative, and this approach was abandoned as a means of detecting early and potentially curable lung cancer. Pre-employment and postsickness examinations were introduced from 1956 .
We now report a further follow-up study of these workers. Each of the variates thought relevant to risk of lung cancer in this study was so handled: duration of employment-length of follow-up; calendar period of employment; that is, before major plant change, before and after plant change, after plant change; factory; age at first employment in factory; estimated degree of exposure to chromate. The dependant variate was death from lung cancer (yes/no for each individual). This enabled the independent contribution for each factor to "risk of lung cancer" to be examined.
Process in the factories
Results Table 1 shows the numbers included in the study and the status on follow-up. As already indicated, a proportion of the individuals had to be rejected because of inadequate basic information. Where adequate information was available, the trace rate is satisfactory; 602 subjects were found to have died, For all men in the study the total number of deaths observed from all causes was 602 with an expected and it has not been possible to obtain the death figure of 445-3 giving a ratio of O/E of 1-35 details for five.
(p < 0 001). The major contribution to the excess of Table 2 shows details of the numbers of individuals deaths is lung cancer, which showed an excess at included in the analyses by factory and the average Bolton, Eaglescliffe, and Rutherglen; the ratios of follow-up; the average follow-up is longer at O/E being 1-0, 2 2 (p < 0-001), and 2 9 (p < 0 001). There were only two deaths from nasal cancer, both occurring in men from Rutherglen; the excess at this location (and for all men in the study) was significant, though based on small numbers. There was a slight excess of all other neoplasms at the three locations, but this did not reach the conventional level of significance (for all men in the study, p < 0192). Far fewer deaths resulted from chronic bronchitis than lung cancer, and the observed deaths at Bolton and Eaglescliffe were lower than expected. At Rutherglen there was an excess of deaths from chronic bronchitis with a ratio of O/E of 1 8 (p < 0-001). There was an excess of deaths from all other causes at Bolton and Rutherglen, but this was quite probably due to chance at Bolton. There was a 40% excess in the Rutherglen men, however-a difference unlikely to be due to chance (p < 0 001).
There is interest in examining the relative risk of disease in men in the earlier study; particularly for men who have been employed at Eaglescliffe, the only factory now functioning. Table 4 sets out  comparable data to table 3 ; it is restricted to Eaglescliffe, but presents data for those who worked (a) only before the plant modification, (b) both before and after the modifications, and (c) only after the modifications were completed. Some of these sets of figures are based on small numbers of observed deaths; especially those for the "post-modification" group, who have a lower average age and shorter follow-up. The data for lung cancer suggest that the relative risk has decreased from over three to less than two over the period of the plant modification. There is, however, confounding between the age distribution of the workforce, duration of employment, duration of follow-up, and the influence of environmental control. In an attempt to disentangle these and other factors a multivariate analysis has been performed. Table 5 shows the results of the multivariate analysis; the size of the coefficients may be taken as a measure of the influence of each specific category within each of the variates on risk of lung cancer, independent of the influence of the other factorsfor instance, the influence of "period of employment -prechange" is calculated after adjusting for the variation in duration of work of these men.
In general, there appears to be an appreciable effect from duration of employment, duration of follow-up, working before or after plant modification, and specific factory; much less influence is due to age at entry or estimated degree of chromate exposure.
Discussion
Before attempting to interpret the results, it is important to consider some general caveats about the data used. Both the observed and expected mortality depend on death certificates. This approach is accepted practice,'7 though several studies have indicated that caution is required in interpreting the results.13 National mortality rates may be inappropriate for calculating expected deaths in particular groups of workers; this issue is discussed below in relation to Rutherglen, but applies to a lesser extent to the other two locations. Though our main concern is examination of the lung cancer, some other issues are discussed first. The two deaths from nasal cancer out of a total of 602 deaths occurred in men who had been employed at Rutherglen, which has now closed. Nasal cancer is thus a very minor contribution to the total causes of death; however, even the two deaths were sufficiently increased over the expected value for the difference to be significant (p < 0 03).
At all three factories in Britain there were more other neoplasms observed than expected, though this difference was probably due to chance.
The 39 deaths from bronchitis did not differ significantly from the expected. At Rutherglen, however, there were 31 observed deaths with an expected of only (p < 0 01). It is not clear from present data whether this excess at one location is associated in any way with the environment at work, due to other aspects of the behaviour of the workers (increase in smoking etc), or due to the inappropriateness of the application of Scottish national death rates to calculate the expected figure.
There were 365 deaths from other causes, with 295-98 expected (p < 0 001). The major difference again occurred at Rutherglen, which makes one think that the Scottish national mortality statistics are inappropriate for calculating the expected figure by cause. Unfortunately simultaneous correction of the expected figures for locality and social class of the workforce was not possible from the data available to us. The mortality of manual workers in Glasgow is probably higher for a wide range of causes than for all men in Scotland. If this is so it would have produced a higher expected figure and a small difference between the observed and expected mortality. The point is supported by the finding that the observed deaths from other causes at Bolton and Eaglescliffe are very close to the calculated expected figures.
A major innovation in this study is the multivariate analysis that has been carried out on several factors that are relevant to the risk of lung cancer. Bidstrup and Case' had reported a relative excess of lung cancer of 3-6 in the earlier study of men in the chromate-producing industry in Britain. The overall risk of lung cancer of [2] [3] [4] shown in table 3 is an average figure based on the experience of all men who have been followed from 1949 to 1977. The present study differs in two respects: (a) men who left the industry before retirement have now been traced, and (b) the period of study has been extended, thus including younger men who have worked between one and 18 years on plants that have been modified to reduce exposure to airborne chromecontaining materials. This contrasts with the earlier report that included a relatively higher proportion of men who had worked for many years in the early part of this century (when environmental control was less stringent). Table 4 provides an up-to-date estimate of the relative risk of lung cancer for those men who have worked only at Eaglescliffe since plant modifications were carried out. This is now about 1-9 and no longer statistically significant and thus compatible with a true value of 1I0. The men traced through GRO and OPCS have been flagged, and further analyses will be carried out to get a more precise estimate and to determine whether this relative risk is further reduced with improvements in working environment. A further analysis of smoking habits of the workforce will also be made. 
